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(54) CERAMIC GREEN SHEET AND PRODUCTION THEREOF 

(57)Abstract 

PURPOSE: To improve the surface smoothness, workability and thermal decomposability of a ceramic green sheet 
by limiting the evaporation index of an org. solvent used at the time of preparing a slurry as starting material for 
producing the green sheet. 

CONSTITUTION: When a slurry consisting of ceramic powder, an org. binder and an org. solvent or further contg. a 
dispersant and a plasticizer is cast on a polymer film to produce a ceramic green sheet, the org. solvent is used so 
that the ratio of the evaporation index to the wt% is regulated to <450. Powder of at least one among alumina, 
alumina-glass and zirconia is used as the ceramic powder and at least one among alcohols, ketones, aliphatic 
hydrocarbon, arom. hydrocarbon and acetic esters is used as the org. solvent. A ceramic green sheet having <0.1u. 
m average surface roughenss (Ra) along the center line and <1u.m max. height (Rmax) is obtd. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] In the approach of casting the slurry containing ceramic powder, an organic binder, and an organic solvent on a high 
polymer film, and manufacturing a ceramic green sheet The alkyl acrylate in which the sums of the evaporation characteristic 
corresponding to the presentation weight ratio of the above-mentioned organic solvent are 206-350, and the above-mentioned organic 
binder has the alkyl group of carbon numbers 1-10, The manufacture approach of the ceramic green sheet characterized by the number 
average molecular weight (Mn) which comes to copolymerize two or more sorts of monomers chosen from the group which consists 
of alkyl methacrylate which has the alkyl group of carbon numbers 1-20 being the copolymer of 20000-100000. 
[Claim 2] The ceramic green sheet obtained is the manufacture approach of a ceramic green sheet according to claim 1 that the center 
line average of roughness height on the front face of a sheet (Ra) is 0.1 micrometers or less, and the maximum height (Rmax) is 1 
micrometer or less. 

[Claim 3] The manufacture approach of a ceramic green sheet according to claim 1 or 2 that ceramic powder contains at least one sort 
chosen from alumina and alumina-glass and a zirconia. 

[Claim 4] The manufacture approach of the ceramic green sheet according to claim 1, 2, or 3 which is at least one sort chosen from the 
group which an organic solvent becomes from alcohols, ketones, aliphatic hydrocarbon, aromatic hydrocarbon, and acetic ester. 



[Translation done.] 



http://wvw4ipdl.ncipi.go j^^ 9/27/2005 



JP,2866137,B [DETAILED DESCRIPTION] 



Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the manufacture approach of the ceramic green sheet used as the material of a ceramic substrate, especially a 
ceramic multilayer-interconnection substrate, and the material of the ceramic substrate for precision circuit printing by vacuum 
evaporationo etc. 
[Description of the Prior Art] 

Conventionally, in case a ceramic green sheet is manufactured, the approach of distributing the vehicle which consists of solvents, 
such as organic binders, such as a polyvinyl butyral, a dispersant, a plasticizer and a trichloroethylene, a methyl ethyl ketone, and 
toluene, making inorganic powder and sintering acid, such as an alumina and alumina-glass, into a slurry, casting this slurry on a high 
polymer film by Dr. PUREDO, evaporating a solvent after that, and fabricating in the shape of a sheet is adopted. 
By this approach, the alumina thick film, the thin film substrate, the laminated circuit board, the ceramic condenser, etc. are 
manufactured. Moreover, in the multilayer-interconnection substrate in recent years, there is an inclination which makes circuit width 
and circuit spacing small for fine patternizing, and in order to be densification, lamination of dozens of or more layers is tried. 
However, in case a green sheet is manufactured, various problems in connection with a slurry presentation or the preparation approach 
produce the dimensional stability (JP, 1-1 7225 7, A) by aggravation (JP,62-17063,A) of the sheet surface roughness by generating of the 
desiccation film on the front face of a slurry, dispersion in the consistency in shaping or the desiccation film and generating (JP,64- 
65056,A) of a crack, and the contraction at the time of baking etc. And sheet surface roughness has big effect on achievement of fine 
patternizing, and it becomes such an important problem that it becomes many laminatings. 

In such a situation, to improve sheet surface roughness by examination of a solvent to JP,62-17063,A is tried, and what was about 
(surface roughness Ra) 1 . 1 micrometer is improved by about 0.5 micrometers by the former. However, if a fine pattern can be drawn 
and it is going to carry out lamination of dozens of or more layers, it cannot be said that the smooth nature on the front face of a sheet 
is still enough. Moreover, with the above-mentioned conventional technique, sufficient examination is not made about the maximum 
height (Rmax) which serves as a big element with the center line average of roughness height on the front face of a sheet (Ra). In 
addition, although the trichloroethylene is used in order to raise the explosion protection nature of a solvent, this has a bad influence 
on an environment. 

Moreover, although polyvinyl butyral resin is usually used as a binder, when this binder is used, the smooth nature of the ceramic 
green sheet obtained has the inclination for it to be inferior compared with what used the copolymer of aery late (meta) as a binder, and 
the center line average of roughness height (Ra) is hard, as for a green sheet 0.5 micrometers or less, to be obtained. Furthermore,' 
polyvinyl butyral resin also produces the problem that carbon remains and after baking spoils insulation, when pyrolysis nature is bad 
and carries out dozens of or more layer laminating of the ceramic green sheet. 
[Problem(s) to be Solved by the Invention] 

As mentioned above, in the conventional ceramic green sheet, in order to realize lamination of fine pattern wiring of dozens of or more 
layers, there is a problem in surface smooth nature, fabrication nature, pyrolysis nature, etc. 

ITiis invention aims at offering the manufacture approach of the ceramic green sheet which does not have a big bad influence on the 
work environment for manufacture, either while it solves this technical problem. 
[The means for solving a technical problem] 

this invention persons found out that the purpose could therefore be attained to adopt the manufacture approach specified by the claim, 
as a result of inquiring wholeheartedly, in order to solve the above-mentioned technical problem. 
This invention is explained to a detail below. 

In this invention, ceramic powder, an organic binder, and an organic solvent are included. In casting the slurry which contains a 
dispersant and a plasticizer if needed on a high polymer film, and manufacturing a ceramic green sheet While the sum (it is henceforth 
described as a "vapor rate characteristic") of the evaporation characteristic corresponding to the presentation weight ratio of this 
organic solvent uses the organic solvent of 206-350 The alkyl acrylate which has the alkyl group of carbon numbers 1-10 as an organic 
binder, It has the description at the place which comes to copolymerize two or more sorts of monomers chosen from the group which 
consists of alkyl methacrylate which has the alkyl group of carbon numbers 1-20, and uses the copolymer the number average 
molecular weight (Mn) of whose is 20000-100000. 

At least one or more sorts chosen as an organic solvent used by this invention from acetic ester, such as aromatic hydrocarbon; methyl 
acetate, such as aliphatic hydrocarbon; benzene, such as ketones:pentanes, such as alcohols; acetones, such as a methanol, ethanol, 2- 
propanol, 1-butanol, and 1-hexanol, and a methyl ethyl ketone, a hexane, and a heptane, toluene, a xylene, and ethylbenzene, ethyl 
acetate, and butyl acetate, can be used. Especially a desirable thing is the partially aromatic solvent which used together two or more 
sorts of solvents chosen from 2-propanol, 1-butanol, toluene, a methyl ethyl ketone, and ethyl acetate also in these organic solvents, 
usually - if the vaporization of a solvent expressed with the ratio (vapor rate characteristic; the vapor rate of butyl acetate is set to 
100) of a vapor rate to butyl acetate influences stability, kneading nature, etc. of a slurry greatly and it is in charge of selection of this 
solvent - the vapor rate characteristic — 206-350 - it is adjusted to the range. 

When a vapor rate characteristic exceeds 350, since the rate of drying of a solvent is quick, the surface smooth nature of a green sheet 
comes to be inferior, and it becomes easy to dry partially, and becomes easy to generate unevenness and a crack on a sheet front face. 
On the other hand, when a vapor rate characteristic is less than 206, a bad influence does not do to the surface smooth nature of a 
green sheet, but since the rate of drying of a solvent is slow, workability falls. 

The organic binder to be used is a copolymer of acrylate with which number average molecular weight (Mn) comes more preferably to 
copolymerize the monomer chosen from the group which consists of alkyl acrylate which has the alkyl group of carbon numbers 1-10, 
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and alkyl methacrylate which has the alkyl group of carbon numbers 1-20 in the range of 30000-60000 in the range of 20000-100000 
(meta). 

The lamination nature at the time of a green sheet laminating is affected, when Mn exceeds 100000, a green sheet becomes hard, 
adhesion worsens, and exfoliation becomes easy to produce number average molecular weight (Mn) from near the circuit between 
after [ a laminating press ] green sheets. The case of less than 20000 has inadequate green sheet reinforcement, and a check produces it 
on a front face. 

As a monomer used for composition of the copolymer of acrylate, methyl acrylate, (Meta) Ethyl acrylate, propylacrylate, butyl 
acrylate, Methylpropyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, etc., And methyl methacrylate, ethyl methacrylate, butyl 
methacrylate, From methylpropyl methacrylate, octyl methacrylate, 2-ethylhexyl methacrylate, DESHIRU methacrylate, dodecyl 
methacrylate, lauryl methacrylate, cyclohexyl methacrylate, etc., two or more sorts choose and are used. 

By well-known approaches, such as solution polymerization, a suspension polymerization, and an emulsion polymerization, the 
polymerization of the selected monomer is carried out and it is used as an organic binder. It cannot be overemphasized that the same 
thing as the solvent used at the time of slurry preparation of the solvent used at the time of a polymerization is desirable. 
Although the ceramic powder to be used contains at least one sort chosen from alumina and alumina-glass and a zirconia, it is also 
possible to add a magnesia, calcia, a silica, a kaolin, talc, etc. as sintering acid or particle growth retardant depending on the case. 
Although 10-15 micrometers or less of the mean particle diameter of the ceramic powder to be used are sufficient with 4-5 
micrometers or less and glass, a crack, distribution, etc. of fine particles at the time of slurry preparation take time amount to it 
Therefore, the mean particle diameter of ceramic powder has a desirable thing 5 micrometers or less with 1 micrometer or less and 
glass, and the mean particle diameter of ceramic powder has a more more desirable still thing 1 micrometer or less with 0.5 
micrometers or less and glass. Moreover, as a glass presentation, the thing which had a boric acid, an alumina, a magnesia, calcia, 
SUTORONCHINA, the barrier, a zirconia, a titania, a zinc oxide, lead oxide, etc. added chooses it as a silica suitably, and is used for 
it. 

In addition, it is also possible to use alumimium nitride, a mullite, cordierite, forsterite, zircon, etc. as ceramic powder. 
If it is in preparation of a slurry, the usual ball mill method may be used, after adding the dispersant and the plasticizer to the mill 
coincidence or ceramic powder, an organic solvent, and if needed ceramic powder, an organic binder and an organic solvent, and if 
needed and carrying out preliminary distribution of the dispersant, a plasticizer is added an organic binder and if needed, distributed 
mixing is carried out preferably for 12 hours or more, and a slurry is obtained for at least 1 hour or more. 

In this case, it adds so that the content of the acrylic (meta) binder in a ceramic green sheet may become the range which is 5 - 30 % of 
the weight When the content of the binder in a green sheet is less than 5 % of the weight, while the moldability of a green sheet is 
inferior, it becomes inadequate [ reinforcement or flexibility ]. Moreover, when a content exceeds 30 % of the weight, the flexibility of 
a green sheet has the large contraction by baking while workability is inferior, although obtained, and dimensional stability is no 
longer acquired. 

The manufacture approach of a ceramic green sheet is made by well-known approaches, such as a doctor blade method which casts a 

slurry on a high polymer film, and the calendering roll method. 

[Example] 

Hereafter, although the example of reference and an example explain this invention in more detail, it is not the thing according to the 
main point of invention which sets to restrict and is limited to these examples etc. 

Example 1 of reference The toluene 80 weight section and the methyl-ethyl-ketone 40 weight section were put into the separable flask 
equipped with a stirrer, a thermometer, a cooling pipe, nitrogen installation tubing, the mixed monomer dropping funnel, and the 
polymerization initiator dropping funnel as a solvent, from nitrogen installation tubing, nitrogen was introduced and the inside of a 
flask was made into nitrogen-gas-atmosphere mind. Subsequently, the mixed monomer 100 weight section which consists of 2 % of 
the weight of ethyl acrylate, 38 % of the weight of 2-ethylhexyl acrylate, 4.94 % of the weight of methyl methacrylate, 25 % of the 
weight of cyclohexyl methacrylate, 30 % of the weight of lauryl methacrylate, and 0.06 % of the weight of methacrylic acids was 
taught to the mixed monomer dropping funnel, and the azobisisobutyronitril 0.4 weight section was taught to it to the polymerization 
initiator dropping funnel. 

The binder (a) which trickles over 2 hours, agitating a mixed monomer and a polymerization initiator adjusting the internal 
temperature of a flask at 60 degrees C, cools after heating at 80 degrees C subsequently by 60 more degrees C for 2 hours for 2 hours, 
and becomes number-average-molecular-weight 40000 45% of solid content concentration was prepared. 

Example 2 of reference The monomer presentation ratio of the example 1 of reference etc. was changed, and the binder (b) which only 
toluene was used as a solvent and also becomes number-average-molecular-weight 80000 50% of solid content like the example 1 of 
reference was prepared. 

example 1 the binder (a) obtained in the example 1 of reference in the ceramic powder 100 weight section which added 55 % of the 
weight of borosilicate glass with a mean particle diameter of 5 micrometers which contains calcia and a zirconia in 45 % of the weight 
(LSMade from Japanese ******- 23) of aluminas - solid content - carrying out - 12 weight ****** ~ further - as a solvent - the 
partially aromatic solvent of toluene/methyl ethyl ketone (weight ratios 2/1) - 18 weight ********. 

Subsequently, it kneaded with the ball mill for 24 hours, and the slurry was prepared. The presentations of the solvent in this slurry are 
the toluene 22 weight section and the methyl-ethyl-ketone 1 1 weight section, and a vapor rate characteristic is 350. This slurry was 
cast for the doctor blade method on the high polymer film, it dried at 80 degrees C and the green sheet whose thickness is 70 
micrometers was obtained. 

About the obtained green sheet, the surface center line average of roughness height (Ra) and the surface maximum height (Rmax) 
were measured using the surface type-like measuring instrument of a sensing pin and a rectilinear-scanning method. The result is 
shown in the 1 st table of a postscript, and Fig. 1 . 

example 2 the binder (b) obtained in the example 2 of reference in the zirconia powder (NS[ by Nippon Shokubai Kagaku Kogyo Co., 
Ltd. ]-3Y) 100 weight section with a mean particle diameter of 0.3 micrometers - solid content - 25 weight sections use - carrying ' 
out - as a solvent - the partially aromatic solvent of toluene/ 1-butanol (weight ratios 3/1) - 60 weight ****** - further - as a 
plasticizer - the dibutyl phthalate 1 weight section - in addition, the green sheet whose thickness is 300 micrometers like an example 
1 was obtained. The vapor rate characteristic of the solvent in a slurry is 206. 
The property of the green sheet obtained like the example 1 is shown in the 1st table of a postscript. 

Example 3 After kneading the partially aromatic solvent of toluene/2-propanol (weight ratios 4/1) with 30 weight sections, in addition 
a 12-hour ball mill as a solvent in the ceramic powder 100 weight section which added magnesia 500ppm to alumina powder (AL[ by 
Showa Denko K.K. ]- 45), in it, it kneaded with 15 weight ****** and a 12 more hour ball mill by having made into solid content the 
binder (a) obtained in the example 1 of reference, and the slurry was prepared in it. The solvent vapor rate characteristic in this slurry 
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Using this slurry, the green sheet whose thickness is 150 micrometers like an example 1 was obtained, and the property of a green 
sheet was shown in the table. 

Example 1 of a comparison Except ethyl acetate/methyl ethyl ketone (weight ratios 5/1) having carried out partially aromatic solvent 
24 weight section use as a solvent, the green sheet whose thickness is 70 micrometers was obtained like the example 1, and the 
property of a green sheet was shown in the table and Fig. 2 . 
The vapor rate characteristic of the solvent in a slurry is 510. 

In addition, the chisel dried in part during casting actuation of this slurry, and the defect of the shape of much trench was produced for 
the product 







Ra r m mj 


Rmax T/imJ 


nmm 1 


350 


0.03 


0.26 


2 


206 


0.01 


0.18 


3 


290 


0.04 


0.48 


ttmn 


510 


0.31 


2.4 



[Effect of the Invention] 

According to the process of this invention, the surface center line average of roughness height (Ra) 0.1 micrometers or less, And the 
maximum height (Rmax) can obtain the outstanding ceramic green sheet of surface smooth nature of 1 micrometer or less. The 
ceramic green sheet which fitted screen-stencil and the circuit formation by the photolithography method, and moreover also fitted the 
manufacture of the circuit board in which the circuit width of face and circuit spacing carried out hundreds of layer laminating from 50 
layers by 50 micrometers or less can be obtained. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

It is the result of measuring the center line average of roughness height and the maximum height about the shape of surface type of the 
green sheet with which Fig. 2 was obtained in the example 1 of a comparison about the shape of surface type of the green sheet with 
which Fig. 1 was obtained in the example 1 . 

[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



iEigJL] 




M* 0.03 




[Translation done.] 
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